Introduction
Camphor (C 10 H 16 O) is a white transparent, crystalline, and waxy solid substance, with a potent aromatic odor. Camphor is a ketone body obtained from Cinnamomum camphora, a large evergreen tree seen in Asia [1] [2] [3] , and can also synthetically be gotten from wood turpentine. Exposure to camphor is through inhalation, ingestion or dermal routes [4] . Reports have shown that camphor containing substances have antiimplantation [5] , antiestrogenic [6] , anticonvulsant [7] , antitussive [8] , uterotrophic [9] , nicotinic receptor blocking [10] , and estrogenic [6, [11] [12] [13] activities. Nausea, vomiting, contraction of heart muscles, colitis, dizziness, delirium, difficulty in breathing, blurred vision, seizures and death are reported symptoms of oral camphor poisoning [14] . It is commonly used as an active ingredient in some old drugs, a fragrance in cosmetics, flavoring food additive, scenting agent in a variety of household products, and intermediate in the synthesis of perfume chemicals [15] . Metabolism of camphor is controlled by cytochrome P 450 [16] , a group of heme-containing monooxygenases majorly and widely distributed in human and animal cells [17] . Hydroxylated products of camphor following cytochrome P450 (CYP 450 ) action are conjugated with glucuronate and then excreted in urine [18] . Organic or chemical filters that are derivatives of camphor have been reported to be two of the active ingredients in sunscreen and cosmetic products with neurotoxic effects [19] . These compounds are 4-methylbenzylidene camphor (4-MBC) and 3-benzylidene camphor (3-BC) [19] . 4-MBC is a component that is highly lipophilic and can be absorbed through the skin and consequently found in placenta and other human tissues [20] . 4-MBC has a toxic activity as estrogenic endocrine disruptor [21] [22] [23] . Some studies done in vivo have suggested that 4-MBC affects the thyroid axis [24] , while the effects of 4-MBC on developing neuroendocrine system have been reported [25] [26] [27] . Similar to 4-MBC is 3-benzylidene camphor (3-BC), which is also a lipophilic compound [19] . It is a component of sunscreen products in European Union, at a maximal concentration of 2% [28] . Following topical exposure to rats for 65 days at the dose of 60-540 mg/kg/day, 3-BC was detected in brain (concentration 0.13-1.2 μg/g) and other analyzed tissues, suggesting a similar disposition and distribution in humans [29] . 3-BC was found in human placenta [20] , and has also been reported to be an estrogenic disruptor [22, 30] .
In a recent study conducted by Somade et al. [31] , serum activity of lactate dehydrogenase (LDH) was significantly increased, as well as tissues (kidney, testes, liver and lung) levels of endogenous antioxidant parameters (reduced glutathione, catalase, and superoxide dismutase) and malondialdehyde (MDA) were significantly altered following administration of camphor in rats. Also, kidney histopathology revealed moderate to severe congestion of the renal cortex, moderate interstitial congestion, a severe interstitial cellular infiltration, mild haemorrhage into the interstitium, and many tubules have protein casts in their tubular lumina, while majorly in testis there was no visible lesions [31] . No substantial reports associating or relating camphor administration to renal or testicular inflammation have been documented. Inflammation is controlled by a variety of soluble factors including a group of secreted polypeptides known as cytokines. Inflammation, the response of tissue to injury, is characterized in the acute phase by increased vascular permeability and blood flow along with the accumulation of fluid, leukocytes, and inflammatory mediators such as cytokines and chemokines [32] . Therefore, we investigated the effect of camphor on renal and testicular levels of some pro-inflammatory chemokines (RANTES and CCL2) and cytokines (TNF-α, IL-1β, IL-6), as well as antiinflammatory cytokine (IL-10) in male wistar rats.
Materials and methods

Test materials, kits and chemicals
Camphor (C 10 H 16 O; CAS# 76-22-2; 96% purity), is edible and a product of Asia Camphor Manufacturing Co., China. Rats TNF-α, IL-1β, IL-6, and IL-10 enzyme linked immunosorbent assay (ELISA) kits are products of Cusabio Technology llc, Houston, TX, USA. Rat NF-kB, RANTES, COX-2, and CCL2 monoclonal primary antibodies were purchased from Abcam UK; rat monoclonal secondary antibodies were purchased from Dako (Agilent Technologies, USA). All other used chemicals and reagents were of analytical grade, and were products of Sigma Chemical Co., Saint Louis, MO, USA or BDH Chemical Ltd, Poole, England.
Experimental animals and study design
Twenty (20) male wistar albino rats of an average weight of 200 g and 2 months old, used for this study were obtained from the animal house of the College of Veterinary Medicine (COLVET), Federal University of Agriculture Abeokuta (FUNAAB), Nigeria. They were sheltered in steel metal cages in the animal house of our Department and were served food and water ad libitum. Approval to use the animals was granted by the Institution's Animal Ethical Committee. After 2 weeks of acclimatization, the rats were divided randomly into four groups of five animals each. Group I animals served as control and were orally administered 6 mL/ kg olive oil, the vehicle for EC, while groups II, III and IV animals were orally administered 1000, 2000 and 4000 mg/kg EC respectively based on calculated mean lethal dose (LD 50 ) in previous study conducted by Somade et al. [31] .
Sample collections and preparations
Camphor was administered for seven days, and 24 h after; animals were sacrificed by cervical dislocation. They were treated in accordance with the international guide for the care and use of laboratory animals [33] . Kidney and testes were harvested, washed in ice-cold saline (0.9% w/v) solution, blotted dry, and weighed. A section of the kidney and testes was cut and fixed in 10% phosphate buffered formalin for immunohistochemistry. Another section of the kidney and testes was suspended in ice-cold 0.1 M phosphate buffer (pH 7.4) for disruption using a tissue homogenizer. Homogenization was followed by centrifugation at 5000 rpm for 10 min. The supernatant was aliquoted into Eppendorf tubes and used for the estimations of IL-1β, IL-6, TNF-α and IL-10.
Estimations of kidney and testes levels of TNF-α, IL-1β, IL-6 and IL-10
Protocols in the purchased Cusabio ELISA kits (Cusabio Technology llc, Houston, TX, USA) were followed. Briefly, 100 μL of samples and standards were added into the wells already pre-coated with antibody specific for IL-1β, IL-6, TNF-α, or IL-10 and incubated for 2 h at 37°C. Unbound substances were removed, and 100 μL of biotin-conjugated antibody specific for IL-1β, IL-6, TNF-α, or IL-10 was added to the well. After washing, 100 μL of avidin conjugated Horseradish Peroxidase (HRP) was added to the wells and incubated for 1 h at 37°C, followed by addition of 90 μL of TMB substrate solution, followed by incubation for 15-30 minutes at 37°C to give a color proportional to the amount of IL-1β, IL-6, TNF-α, or IL-10 bound in the initial step. Stop solution was added to each well, plate was gently tapped for thorough mixing, and intensity of the color is measured at 450 nm.
Kidney and testes immunohistochemistry
This was run as described by Ajayi et al. [34] . Paraffin infiltrated tissue was placed in a mold with a small volume of liquid paraffin. It was briefly cooled to immobilize the tissue and the base of a cassette was placed on top of the mold, filled with liquid paraffin and then cooled. Thin slices of about 4-6 μm was cut on a microtome and sections were floated in a water bath. Sections were mounted on to charged slides and dried overnight to enable sections to adhere to the slide. Paraffin wax was removed by placing sections in three containers of xylene for 5 min each. Poly-L-lysine charged slides were rehydrated in xylene as well as decreasing concentration of ethanol (100-50%). Heat-induced epitope retrieval was done in citrate buffer (pH 6.0) for 20 min followed by immersion in cold water for 10 min. Sections were marked with paraffin pen (PAP) pen and the endogenous peroxidase activities in the tissues were blocked with 5% hydrogen peroxide for 5 min in a dark cupboard. The sections were then incubated overnight at 4°C with primary antibodies. The slides were washed with Tris buffer saline and then incubated with Horseradish peroxidase labeled secondary antibodies (Dako, Agilent Technologies, US). Immune complexes were visualized using 0.05% 3, 3-diaminobenzidene (DAB), countered stained with hematoxylin and the slides were visualized under light microscope. A slide for each rat was prepared, and 1000 cells were counted per sample. From the number of positive cells counted, percentage of tissue-stained positive cells was scored.
Statistical analysis
Data were analyzed by one-way analysis of variance (ANOVA), followed by least significant difference (LSD) to test for significant differences among the groups of rats using Statistical Package for Social Sciences program version 17.0. Data were expressed as mean ± standard error of mean. P values less than 0.05 were considered statistically significant.
Results
Effect of camphor on kidney and testes relative weights
Compared with control, administration of 1000 and 4000 mg/kg body weight camphor significantly (p < 0.05) decreased testes relative weights (Fig. 1) , while there was no significant difference (p > 0.05) in the kidney relative weights (Fig. 1) .
Effect of camphor on renal TNF-α, IL-1β, IL-6, and IL-10
Renal levels of TNF-α (Fig. 2) and IL-1β (Fig. 3) were significantly (p < 0.05) increased in a dose dependent manner following administration of 2000 and 4000 mg/kg body weight camphor compared with control, while IL-6 (Fig. 4 ) level was significantly (p > 0.05) increased by all tested doses. For IL-10 ( Fig. 5) , the level was only significantly (p < 0.05) increased by 1000 mg/kg body weight camphor.
Effect of camphor on testicular TNF-α, IL-1β, IL-6, and IL-10
Similarly in the testes, levels of TNF-α (Fig. 2) , IL-1β (Fig. 3 ) and IL-6 (Fig. 4) were significantly (p < 0.05) increased also in a dose dependent manner by 2000 and 4000 mg/kg body weight camphor compared with control. Also, there was a significant (p < 0.05) increase in the levels of IL-1β (Fig. 3) when group administered 4000 mg/kg body weight camphor is compared with other tested doses. For IL-10 ( Fig. 5 ) also, the level was only significantly (p < 0.05) increased by 1000 mg/kg body weight camphor.
Effect of camphor on expressions of renal NF-kB, COX-2, RANTES and CCL2
Compared with control, there was a significant (p < 0.05) increase in the renal expressions of NFkB (Fig. 6A ), COX-2 ( Fig. 6B) , RANTES (Fig. 6C) , and MCP-1 (Fig. 6D ) by all tested doses compared with control. Group administered 4000 mg/kg camphor showed the highest expressions of these parameters. The degree of expressions was 4000 mg/kg > 2000 mg/kg > 1000 mg/kg of camphor.
Effect of camphor on expressions of testicular NF-kB, COX-2, RANTES and CCL2
Similarly in the testes, all the tested doses of camphor resulted in a significant (p < 0.05) increase in the expressions of NFkB (Fig. 7A ), COX-2 ( Fig. 7B) , RANTES (Fig. 7C) , and MCP-1 (Fig. 7D ) compared with control. The greatest effect was seen following administration of 4000 mg/kg camphor, while the degree of expressions was also 4000 mg/kg > 2000 mg/kg > 1000 mg/kg of camphor.
Discussion
Camphor undergoes swift oxidation to 5-exo-hydroxyfenchone that is mainly mediated by human liver microsomal cytochrome P 450 . Cytochrome P450 2A6 (CYP2A6) is the key enzyme responsible for the hydroxylation of camphor by human liver microsomes [35] . This phase one reaction of drug metabolism is followed by glucuronidation, a phase two biotransformation reaction where glucuronide acts as the conjugation molecule and binds to a substrate, catalyzed by glucuronosyltransferases. In the present study, the effect of EC administration on kidney and testes levels and expressions of pro-inflammatory markers in rats was investigated. Pro-inflammatory cytokines are produced majorly by activated macrophages and play a predominant role in the up-regulation of inflammatory reactions [36] . Abundant evidence are available that certain pro-inflammatory cytokines like IL-6, IL-1β, and TNF-α are involved in the process of pathological pain [36] . In this study, camphor administration did not have any effect on kidney relative weight, which is in agreement with the report in an earlier study of camphor-induced oxidative stress [31] . On the other hand, the significant decrease in testes relative weight as a result of camphor administration may indicate a direct toxicity of the substance to the organ, which can affect vital activities including hormonal disruptions. In a recent study, it was reported that camphor administration significantly led to the reduction of testosterone and luteinizing hormone in rats [37] .
Cytokines are produced by numerous cell populations, but the main producers are macrophages and helper T cells. Cytokines may be produced in and by peripheral nerve tissue during physiological and pathological processes by recruited and resident macrophages, mast cells, Schwann cells and endothelial cells [36] . In this present study, the significant increase in the levels of renal and testicular TNF-α, IL-1β, and IL-6 is an indication of camphor-induced injuries or infections to these vital organs causing the release and recruitment of these pro-inflammatory mediators, predominantly by the helper T cells and macrophages to the affected site where they promote inflammation and trigger pathological pain. The effect of camphor on renal cells revealed in this study is in line with the report of Ramesh and Reeves [38] that TNF-α and IL-1β were up-regulated in mouse model of cisplatin-induced nephrotoxicity. In a more recent study, up-regulation in the expressions of TNF-α, IL-1β and IL-6 were reported in adenine-induced chronic kidney disease with uraemia in mice [39] . Studies have documented an increase in the pro-inflammatory cytokines IL-1β and TNF-α following ischemia/reperfusion (IR) of the testis, suggesting a role of the pro-inflammatory cytokines as early mediators of IR-injury in testis [40] . As early as 30 min after IR of murine testis, an increase in expression of both IL-1β and TNF-α was observed [40] and this precedes the activation of c-jun N-terminal kinase (JNK). Germ cell-specific apoptosis following IR of testis is dependent on the recruitment of neutrophils to the testis [41] , and it has been reported that an increase in pro-inflammatory cytokines after IR of testis is synonymous with activation of signaling pathways eliciting neutrophil recruitment [40] . IL-1 and TNF-α are produced in testis under normal physiological conditions and play a key role in maintaining testicular function. Certain pathologic conditions, such as autoimmune orchitis and testicular torsion caused an increase in the expression of pro-inflammatory cytokines. This up-regulation in expression shifts the balance in favor of immune and inflammatory responses. Immediately immune cells are either recruited to the testis or activated in the testis germ cell, it can result into apoptosis and spermatogenesis is affected [42] . This could also explain the significant decrease in testes relative weight recorded in this study. In addition to camphor, previous studies have reported the involvement of chemical and biological substances in eliciting inflammatory responses. In a study by Yacoub et al. [43] , Montivipera bornmuelleri venom administered to mice caused immunomodulatory effects by up-regulating the levels of TNF-α, IL-1β, IL-17, and interferon gamma (IFN-γ) in the spleen. Also, Chlorpyrifos was reported to elicit pro-inflammatory responses by increasing the rat levels of liver and kidney TNF-α and IL-1β [44] , while in addition to TNF-α and IL-1β, arsenic also led to the up-regulation of IFN-γ in hippocampal lysate of rats [45] . Furthermore, levels of TNF-α and IL-6 were significantly increased following combined administration of carboplatin and thalidomide in kidney and brain of rats [46] . NF-kB is crucial in coordinating cellular responses because it is one of the members of swift-acting primary transcription factors. These transcription factors are already localized in cells in an inactive state and will not require new protein synthesis to become active. This therefore, enables NF-kB to respond first to harmful cellular stimuli. Established activators of NF-kB activity include TNF-α, IL-1β, bacterial lipopolysaccharides (LPS), reactive oxygen species, ionizing radiation, cocaine, and isoproterenol [47] . A major function of NF-kB is seen in the regulation of inflammatory responses. Apart from mediating the induction of various pro-inflammatory genes in innate immune cells, NF-kB coordinates the activation, differentiation and effector function of inflammatory T cells [48, 49] . It has been recently suggested that NFkB also play a role in regulating the activation of inflammasomes [50] . Therefore, deregulated NF-kB activation is a hallmark of chronic inflammatory diseases [51] . The significant increase in the expressions of renal and testicular NF-kB following administration may be attributed to camphor-induced toxicity. The resulting injury or infection led to the recruitment of immune cells to the affected site. At the site of infection or injury, there is generation of pro-inflammatory cytokines including TNF-α, IL-1β, IL-6 that mediates the cytoplasmic NF-kB activation and its subsequent translocation to the nucleus where it further stimulates the transcription and expression of pro-inflammatory cytokines and other markers like COX-2, thereby exacerbating the inflammatory response.
Chemokines are produced in response to signals such as pro-inflammatory cytokines where they play a major role in selectively recruiting neutrophils, lymphocytes, and monocytes. RANTES (CCL5) belongs to the class of pro-inflammatory cytokines referred to as the C-C chemokine family [52] . RANTES protein is a chemoattractant for monocytes/macrophages [53] , T lymphocytes, as well as eosinophils [54] and is secreted by monocytes, T lymphocytes, fibroblasts, and endothelial cells [55] . CCL2 (also referred to as MCP-1) on the other hand, is formed by diverse cell types, either constitutively or induction by cytokines, growth factors or oxidative stress [56] . It is produced by Fig. 7. (continued) O.T. Somade, et al.
Toxicology Reports 6 (2019) [759] [760] [761] [762] [763] [764] [765] [766] [767] numerous cell types, including epithelial, smooth muscle, mesangial, astrocytic, monocytic, endothelial, fibroblasts, and microglial cells [57] [58] [59] [60] . These cells are necessary for antiviral immune responses in the peripheral circulation as well as in tissues. Macrophages/monocytes are the major source of CCL2 [61, 62] . CCL2 regulates the migration and infiltration of memory T lymphocytes, natural killer (NK) cells, and monocytes [56] . Renal and testicular expressions of RANTES and CCL2 in this present study following camphor administration may be as a result of renal and testicular damage as well as NFkB activation which may have led to the expressions and recruitment of pro-inflammatory cytokines (TNF-α, IL-1β and IL-6) that in turn, coordinate the release of these pro-inflammatory chemokines (RANTES and CCL2) that selectively recruit immune cells to the site of tissue damage. Expression of COX-2 has recently emerged as a key determinant of cytotoxicity associated with inflammation. COX, also referred to as prostaglandin H 2 synthase, is a regulatory enzyme for prostanoid biosynthesis, present in at least two isoforms, which are COX-1 and COX-2 [63] . COX-1 is constitutively expressed in numerous cell types producing prostanoids that sub-serve normal physiological functions [63] . Although COX-2 is normally not present in most cells, its expression is induced by cytokines and endotoxins [63] . COX-2 is greatly induced in inflamed tissues, and its products of reaction are responsible for the various cytotoxic effects of inflammation [64] . Increased in the renal and testicular COX-2 expressions recorded in this study can be attributed to camphor-induced inflammation as evident by increased proinflammatory cytokines reported in this study. This may be responsible for the increased expressions of COX-2 needed to synthesize prostaglandins from arachidonic acid, at the site of tissue damage or infection.
Camphor is seen in various non-prescription products, either in combination with other ingredients or alone. It can also be acquired, especially in shops that provide alternative medications, as solid blocks of pure camphor used in this study [65] . According to Food and Drug Administration (FDA), camphor-containing products cannot exceed 11% camphor [66] . However, incidences of chronic toxicity and convulsions are still reported to happen even with the lower concentration products that remain in the market. In addition to pharmaceutical products containing camphor, there are imported, non-FDA approved, ethnic remedies sold in the US that contain camphor in amounts greater than the 11% limit set by the FDA [66] . Camphor being a ketone has been traced in the brain, kidney, blood and other tissues, where it bioaccumulates [67] . Backed with the findings of this study, the use and consumption of camphor should be with caution as it could trigger renal and testicular inflammation through activation of NF-kB and upregulation of pro-inflammatory markers.
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